Abstract: Flood risks in the industrial sector and economic damages are increasing because of climate change. In addition to changes in precipitation patterns due to climate change; factors that increase flood damage include infrastructure deterioration and lack of storage facilities. Therefore; it is necessary for companies and the government to actively establish flood management policies. However; no evaluation method is currently available to determine which items should be invested in first by small and medium-sized enterprises that have limited finances. Because the government should make comprehensive and fair decisions; the purpose of this study is to propose priority investment risk items and an assessment method to decide which companies should be invested in first in flood risk management due to climate change. The multispatial scale of the method takes both the location and characteristics of the company into account. Future climate change scenarios were used to evaluate the changing patterns of flood risks. We developed the relative Flood Risk Assessment for Company (FRAC model) methodology to support the government's policymaking. This method was applied to four companies belonging to four different industries and three risk items were derived that are likely to harm the company owing to flooding.
Introduction
Climate change affects various industrial sectors, such as climate-sensitive industrial facilities and raw materials as well as the climate change policies of the government [1] . Industrial parks have a better ability to adapt to climate change than other types of social infrastructure because of their high safety design standards. Most studies have focused on proposals for greenhouse gas emissions reduction to comply with government regulations [2] . However, climate change has affected storm patterns, dramatically increasing the frequency and magnitude of precipitation, and increasing the damage caused by floods in many countries [3] . In fact, heavy rains in South Korea likelihood of a hazard event and the consequence of the hazard [23, 28, 29, 37] , (b) the probability of an event with its impact [27, 28, 38] , (c) the hazard with the vulnerability [24, 39, 40] , or (d) the probability of an event occurring with its consequence [41, 42] . Likewise, risk has been assessed in a variety of contexts and needs to be clearly defined according to the purpose of the assessment. The purpose of this study is to evaluate flood risk by considering the industry, size, process, and geographical environment of enterprise. This study is the first to present the FRAC model, which consists of three evaluation models. We use the concepts of hazard and vulnerability to assess flood risk (RiskLocation model), evaluate a company's flood risk based on the probability and consequence (RiskCompany model), and evaluate each result as a risk matrix. Vulnerability was evaluated by using sensitivity and adaptive capacity as a measure of system vulnerability when floods occur [43] . The results of each evaluation were combined into a risk matrix to derive the final flood risk of the company (RiskFlood model). This method uses a top-down approach to assess the geographic and climatic factors of industrial parks nationwide, which is based on the bottom-up approach of selecting risk items and actively reflecting the results of the company. Therefore, it is useful for identifying companies and industrial complexes that need government support, or for determining the risk items that the government should support. In particular, when assessing the hazards of RiskLocation, we considered changes in flood risk due to future climate change, taking into account scenarios in the 2030s (2025-2034) and 2050s (2045) (2046) (2047) (2048) (2049) (2050) (2051) (2052) (2053) (2054) .
RiskFlood is a step of synthesizing and grading the evaluation results of the RiskLocation model and RiskCompany model using a 5-by-5 risk matrix. The FRAC model refers to the entire process of deriving the RiskLocation model, RiskCompany model, and RiskFlood result that combines the two (see Figure 1 ). Expressing this as a formula, the FRAC model can be written as a function of RiskLocation, RiskCompany, and RiskFlood as shown in Equation (1). In this equation, i denotes the risk item of an individual company, and j denotes an industrial park in which the company is located.
In this model, the first step is the risk identification phase. Then, the inventory and risk items of RiskLocation and RiskCompany are listed and screened to evaluate flood risk. The second step is to evaluate the RiskLocation by constructing data using information on the industrial parks based on the selected indicators and evaluate the RiskCompany by building data on each risk item through in-depth interviews with corporate stakeholders. The third step is to aggregate the results of the RiskLocation and RiskCompany ratings for each company. In this model, the first step is the risk identification phase. Then, the inventory and risk items of Risk Location and Risk Company are listed and screened to evaluate flood risk. The second step is to evaluate the Risk Location by constructing data using information on the industrial parks based on the selected indicators and evaluate the Risk Company by building data on each risk item through in-depth interviews with corporate stakeholders. The third step is to aggregate the results of the Risk Location and Risk Company ratings for each company.
Risk Location
For the evaluation of the Risk Location model, we used the indicator-based evaluation method, which enables the easy collection of data by considering various social and physical phenomena. The evaluation method can be divided into two steps. The first step is to screen the indicators of risk assessment, and the second step is data collection, evaluation, and grading of flood risk.
In the first step, we determined the indicators for the company's location risk assessment based on a literature review and in-depth interviews with industrial partners (Table 1) . These interviews included two employees from of six companies, three climate change experts, five officials from the Industrial Parks Corporation, and three civil servants from the department of damage caused by winds and floods in local government (September to October 2013). To complement the interviews, analysis of flood damage cases in South Korean companies and industrial parks (from 2002 to 2014) was also conducted. 1 Vulnerable business ratio: We defined energy-consuming industries (e.g., petrochemicals, refineries, textiles, and automobiles) as vulnerable sectors because they depend strongly on power supply and transportation, and consequently will be more adversely affected than other industries because of climate change impacts on related infrastructure. Examples of such impacts include water shortages or insufficient supply of high-temperature water to power stations [44, 45] . In addition, these companies have high greenhouse gas emissions and are likely to be impacted negatively by government emissions regulations. The "ratio of vulnerable business types" is calculated by dividing the number of companies from vulnerable sectors by the total number of companies operating in industrial complexes; 2 Soil characteristics within 100 m of the mountains are based on the boundary of the industrial complex. A 100-m buffer was created using the GIS tool and the soil characteristics of land within the boundaries were analyzed. By using the soil map, the average drainage degree of the buffer was graded around the land in the industrial park in which the company is located. Depending on the drainage, the values ranged from 1 to 6, very poor to very good.
After selecting indicators to assess vulnerability and hazard, and before the standardization of these indicators, we collected flood damage data to determine the threshold of each indicator. If a threshold can be derived from damage data, a good value (safe) and bad value (dangerous) can indicate the start of a flood. In this study, information was gathered from the Industrial Complex Management Corporation, which mines data on companies' flood damage information. Then, to find the threshold value of each indicator, statistical analysis of indicators and the weather and infrastructure conditions at the time of flood damage was performed. Based on flood damage cases, the indicator "100 mm per year" was selected after a relation analysis using SPSS ver. 12.00 (IBM, Seoul City, Korea) (P = 0.01, coefficient of correlation > 0.4). After setting the flood assessment indicators for hazard and vulnerability, the data were constructed and standardized for all industrial complexes nationwide and used for the analysis.
Second, to evaluate the risk, the collected data that were standardized by indicators were used to calculate and grade hazard and vulnerability. These results were re-assessed using the 5-by-5 risk matrix. To collect data on assessment indicators, statistical data of each industrial park published on the homepage of the Industrial Complex Management Corporation and geographic information system (GIS) data were used. Additionally, for unavailable information, direct field visits or telephone calls were required.
Based on the data indicators, the standardized values of each sub-indicator were totaled and standardized again for each indicator to evaluate the values of hazard and vulnerability. Because all indicators have different units and properties [4, 46] , the raw values of each sub-indicator must be standardized with values from 0 to 1. Equation (2) represents the standardization method for each sub-indicator. Norm N i is the result of standardization of a sub-indicator using raw data (N i ) from the 42 industrial parks (n (N i ) = 42) and i is the number of sub-indicators that consist of the indicators. 
To calculate hazard and vulnerability, indicator values (hazard, sensitivity, and adaptation ability; j) are required. The standardized value of the indicator is Norm I j that can be expressed using the value of Norm N i , which is the standardized value of the sub-indicator, as shown in Equation (3) . This equation shows how to standardize sub-indicators for each indicator based on the sum of indicators.
with j ∈ {Hazard, Sensitivity, Adaptation ability}
To evaluate hazard and vulnerability, we calculated vulnerability using Equation (4).
Norm I Vulnerability = Norm I Sensitivity − Norm I Adaptation (4) with 0 ≤ Norm I Sensitivity and Norm I Adaptation ≤ 1 ()
The values of Norm I Hazard and Norm I Vulnerability were ranked according to the evaluation criteria in Table 2 . The Risk Location was then evaluated based on the values of the two categories using the 5-by-5 risk matrix evaluation method in Equation (5) . The values calculated for each category were normalized again to the values of Norm I Hazard and Norm I Vulnerability to calculate the values of the other units. Thus, Norm I Hazard and Norm I Vulnerability range between 0 and 1. The levels can be classified in equal intervals of 0.2 based on the characteristics of the data because the values are already standardized (see "range of raw data" in the second column of Table 2 ) [47] [48] [49] [50] . Hazard and vulnerability are categorized into five levels based on the criteria in Table 2 . The level of Risk Location is based on the multiplication of hazard and vulnerability, which is the result of using the 5-by-5 risk matrix classification. Equation (5) shows the evaluation method for Risk Location using the levels of hazard and vulnerability. The value of Risk Location was derived for the 42 industrial parks; i represents each national industrial park in this study.
with H j ∈ {1, 2, 3, 4, 5}, V j ∈ {1, 2, 3, 4, 5} and 1 ≤ j ≤ 42
The levels of hazard (H) and vulnerability (V) are scored from 1 to 5 according to the criteria of Table 2 ; thus, the multiplied value of hazard and vulnerability ranges between 1 and 25. According to Table 2, if the value of H multiplied by V is between 1 and 3, and H and V are between 1 and 3, Risk Location is level 1. The value obtained by multiplying H by V is 4 when H and V are both 2; Risk Location is level 1. However, if H and V are not equal, it is evaluated as level 2. When H and V are greater than 4 but less than 12, and H and V values range between 1 and 5, they are evaluated as level 2. If the value of H multiplied by V is 15 or more and 25 or less, and H and V are 3, 4, or 5, it is evaluated as level 3. with Hj ∈ {1, 2, 3, 4, 5}, Vj ∈ {1, 2, 3, 4, 5} and 1 ≤ j ≤ 42
The levels of hazard (H) and vulnerability (V) are scored from 1 to 5 according to the criteria of Table 2 ; thus, the multiplied value of hazard and vulnerability ranges between 1 and 25. According to Table 2, if the value of H multiplied by V is between 1 and 3, and H and V are between 1 and 3, RiskLocation is level 1. The value obtained by multiplying H by V is 4 when H and V are both 2; RiskLocation is level 1. However, if H and V are not equal, it is evaluated as level 2. When H and V are greater than 4 but less than 12, and H and V values range between 1 and 5, they are evaluated as level 2. If the value of H multiplied by V is 15 or more and 25 or less, and H and V are 3, 4, or 5, it is evaluated as level 3. 
Risk Company
The evaluation process for Risk Company is divided into two stages. First, screening the risk items of possible flood risks for the companies' risk assessment is needed. Second, in-depth interviews with the companies' stakeholders and data on damages caused by floods are collected for each item to rank the probability and consequence by risk item. The interviews are necessary because the companies' employees are knowledgeable about actual flood damage [51] .
First, we investigated the cases of flood damage to companies and industrial parks, listed the possible flood risk items of companies based on the literature survey, and then determined the risk items through in-depth interviews with business stakeholders [52] [53] [54] [55] . The 31 risk items were derived from literature reviews considering transportation logistics, productivity levels of workers, location of the companies, companies' financial situation, and the market impact of the flood (whole flood risk items in Table 3 ). Afterwards, in-depth interviews with companies' stakeholders were used to evaluate the risk that the actual damage would likely create for the companies and the consequences. They selected risks with high probabilities and that would be the most affected by flooding based on criteria of probability in Table 4 and consequences in Table 5 . From July to August 2015, interviews for each company were conducted with three employees who had more than 10 years of work experience in the company (see Appendix A for the questionnaire used). Through discussions with five business stakeholders from each company, the final risk items were determined based on the risk items that were damaged by flood. Table 3 provides an example of a company's flood risk assessment list. For example, Risk 1 includes flooding and destruction of production facilities, Risk 2 involves increased humidity that degrades raw materials and final products, and Risk 3 is power supply interruption due to power station or substation damage that leads to production system paralysis. These are commonly identified risk items for companies in various industrial sectors.
Secondly, we evaluated the probability of occurrence and the consequences of the risk of the three derived final risk items. The probability of occurrence is judged from 1 to 5 using the evaluation criteria based on the flood damage cases by risk item (see the second column of Table 5 ). The consequences of the risk from 1 to 5 was assessed based on questionnaires and in-depth interviews with five employees who worked for more than 10 years in the environmental management and safety management departments of each company between September and October 2015 (refer to Appendix B for the questionnaire). In order to review employees' thoughts on the magnitude of risk in the second in-depth interview, we prepared risk assessment data and made an on-site visit from October to November 2015.
In the interviews, workers assessed the consequences of risk items (Table 4) in the questionnaire based on previous flood damage to their company. The results of the consequence evaluation were compared with those of the interviewees who participated in the in-depth interviews, along with details of the damage caused by the production process and the flood. The average values were adjusted in the third in-depth interview held in November 2015, which mainly focused on the magnitude of the difference between risk items. Owing to the large variation in risk assessment values, there were inconsistencies in the data; therefore, a third interview was conducted with two employees who had worked at their respective companies for more than 10 years. The consequence grade was adjusted based on the third interview. We used the concept of consequence and probability to obtain the Risk Company rating. Each risk item can be evaluated according to the method defined in Equation (6) by multiplying consequence (c) with probability (p) to determine the Risk Company level ( Table 5 ). The consequences along the x-axis are graded from 1 to 5 and the probabilities along the y-axis are graded from 1 to 5. Therefore, the multiplied values ranged between 1 and 25, which can be classified as 1 to 3 using a 5-by-5 risk matrix with three different categories (green, yellow, and red). The classification criteria are shown in Table 4 . The Risk Location level can be assigned to each risk item.
with i ∈ {1, 2, 3}, i is a risk item
Risk Flood
To determine the Risk Flood rating, the Risk Location and Risk Company results were multiplied to assess the Risk Flood level of each risk item. Each level of Risk Location and Risk Company was classified into three categories (dangerous, normal, and safe) based on the grading method using the 3-by-3 risk matrix. The Risk Flood level was obtained by multiplying Risk Location j with Risk Company ji , as seen in Equation (7). The j value ranges from 1 to n, which represents the number of companies participating in the case study. There are three risk items for each company; i ranges from 1 to 3. Three Risk Flood values for each risk item should be calculated for each company. Since Risk Company has one value for each risk item, Risk Company has three values in total. However, there is onlyaone Risk Location value for each company, and the value of Risk Location is repeatedly used for the three risk items. Because a company's Risk Flood rating can be assessed with a risk-by-risk matrix, a company can assess the Risk Flood rating for three risk categories (dangerous, level 3; normal, level 2; and safe, level 1). The classification criterion can be expressed as Equation (7). If Risk Location j multiplied by Risk Company j equals 1 or 2, then it is classified as level 1. If the product is 3 or 4, it is classified as level 2. Otherwise, it is classified as level 3.
with j ∈ {1, 2, 3, . . . , n}, j is an industrial park number; i ∈ {1, 2, 3}, i is a risk item
According to the underlying concept of this study, the FRAC model represents the whole flood risk assessment process in which the Risk Flood level is described as being equal to the FRAC level. The results of the FRAC model evaluation with the three risk items (i = 1, 2, 3) of enterprise j are expressed in the risk matrixes for each risk item (Table 6 ). The value in parentheses is the product of the value corresponding to the horizontal axis (Consequences) and the value corresponding to the vertical axis (Probability) in the risk matrix.
1 No damage occurred in the past and the probability is very low C ∈ {1, 2, 3}, P ∈ {1, 2, 3}
Damage was not recorded in the past; however, considering the location's physical features, the probability of risk is moderate to low
Damage was recorded in the past; considering the geographical location and environment, the probability is high to extremely high C ∈ {1, 2, 3, 4, 5}, P ∈ {1, 2, 3, 4, 5}
Actual damage (various cases within the last 10 years), no damage and recovery costs
Actual damage (various cases within the last 5 years), damage and recovery costs are incurred C ∈ {3, 4, 5}, P ∈ {3, 4, 5}
15-25 3
1 No damage occurred in the past and the probability is very low C ∈ {1, 2, 3}, P ∈ {1, 2, 3} 1-3 1 2 Damage was not recorded in the past; however, considering the location's physical features, the probability of risk is moderate to low
Damage was recorded in the past; considering the geographical location and environment, the probability is high to extremely high C ∈ {1, 2, 3, 4, 5}, P ∈ {1, 2, 3, 4, 5} 4-12 2 4 Actual damage (various cases within the last 10 years), no damage and recovery costs C ∈ {1, 2, 3, 4}, P ∈ {1, 2, 3, 4}, C = P The value in parentheses is the product of the value corresponding to the horizontal axis (Consequences) and the value corresponding to the vertical axis (Probability) in the risk matrix. 
Case Study

Study Context
South Korea has the 11th largest economy in the world [55] . The country boosted national growth by intensively constructing industrial parks since the 1960s and offering various tax incentives and infrastructure for their creation [56] . As a result, 68.6% of companies are located in industrial parks nationwide and 80.7% of the manufacturing sector is located in industrial parks.
For this study, four companies were selected for FRAC evaluation: (1) a thermal power plant (TP); (2) an expanded polystyrene manufacturer (EPSM); (3) an electric parts manufacturer (EC); and (4) a pulp and paper manufacturer (PP). The above four companies sought to participate in the evaluation, and their awareness of climate change was higher than other companies. Therefore, we selected the above four firms among the companies that the researchers wanted to participate in the evaluation. In this study, RiskLocation j was used to assess the environmental conditions of companies in order to assess the flood risk posed by the location of the company. The geographic locations of the evaluated companies are shown in Figure 2 . These four companies were selected because they are located in national industrial parks and represent their respective industry type in South Korea. The four types of companies were selected to identify risk items that affect both SMEs and large companies, representing the entire industry that should be prioritized in the country. The four companies are located in different industrial parks.
TP is South Korea's largest thermal power plant built on the western shore to supply domestic power. TP has eight power generation facilities located within the industrial park, occupying a total area of 231,000 m 2 ; 42 companies depend on TP for their operation. EPSM is located in a national industrial park that houses approximately 48% of the manufacturing companies in the mechanical and petrochemical industries. This industrial park (total area of 17,760,000 m 2 ) was constructed on a landfill partly built on the sea; thus, the ground is relatively low. EC, one of South Korea's leading electronic component manufacturers, is located in an inland national industrial park which was established to develop the electronics industry. The industrial park covers a total area of 4.6 km 2 and is located in a relatively hilly region. PP is a paper and pulp manufacturing company located in a national industrial park adjacent to the southern coast, which mainly supports the nonferrous metal industry, refineries, oil stockpiling, and chemical pulp industries. 
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Results of the Case Study Using the FRAC Model
The evaluation results can be utilized as data for decision-making in two areas: (1) Which industrial parks are vulnerable to floods and need government support? (2) For what risk items do companies need government support in order to reduce the country's overall flood risk?
Which Industrial Parks Are Vulnerable to Floods and Need Government Support
The hazard value of each company's location was evaluated according to climatic exposure using indicators. Each indicator was standardized as shown in Equation (2), and ranged from 0 to 1.0 ( Figure 3A) . Gwangyang National Industrial Park (No. 2) had the highest rated value (0.64) and average grade (3.60). The average grade was derived by considering both baseline and future (for the 2030s and the 2050s, respectively) hazard grades. The industrial park currently belongs to the fifth highest hazard grade. However, it is predicted that the risk grades of the location will somewhat decrease in the future, to the third and fourth grade. On the other hand, Gumi High Tech Valley (No. 5) was rated the lowest value and grade. The average future hazard level of this industrial park was 1.20. Currently, the hazard is grade 2, but in the future, the hazard will be further reduced to grade 1. High-hazard areas are regions with a high probability of flooding.
RiskLocation levels were calculated by multiplying hazard and vulnerability grades and classified into three levels using a 5-by-5 risk matrix. In Figure 3 
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Which Industrial Parks Are Vulnerable to Floods and Need Government Support
Risk Location levels were calculated by multiplying hazard and vulnerability grades and classified into three levels using a 5-by-5 risk matrix. In Figure 3 The RiskLocation evaluation results were based on the degree of vulnerability to floods and the possibility of floods (hazard) occurring in industrial parks in which the target companies are located. In this study, the flood risk level of a national industrial park in the southern region was high (red circle, dangerous level) and most inland and eastern industrial parks were assessed at a safe level (green circle), as seen in Figures 4-6 . In other studies, the vulnerability of the southern region was high owing to high sensitivity and low adaptive capacity [57] [58] [59] . The results of this study show that the industrial parks in the southern region, similar to previous studies, had high flood risk; however, the risk level decreased gradually according to climate change scenarios [58, 59] . Construction of The Risk Location evaluation results were based on the degree of vulnerability to floods and the possibility of floods (hazard) occurring in industrial parks in which the target companies are located. In this study, the flood risk level of a national industrial park in the southern region was high (red circle, dangerous level) and most inland and eastern industrial parks were assessed at a safe level (green circle), as seen in Figures 4-6 . In other studies, the vulnerability of the southern region was high owing to high sensitivity and low adaptive capacity [57] [58] [59] . The results of this study show that the industrial parks in the southern region, similar to previous studies, had high flood risk; however, the risk level decreased gradually according to climate change scenarios [58, 59] . Construction of industrial parks in South Korea began in the early 1960s. In the 1970s, the government began to develop heavy chemical industry sectors, such as steel, petrochemicals, and non-ferrous metals, in industrial parks [60] . At that time, industrial parks were mainly located in metropolitan areas in the central and southern coasts of South Korea to ensure accessibility for the transportation of raw materials for importation and exportation. Therefore, most industrial parks built during the early industrialization phase were rated with vulnerability grade 5 (dangerous) (see first image in Figure 4 ). Hazard grades were highest in the southern coast, where vulnerability is currently high, but is being graded lower over time (Figures 4-6) . As a result, the risk is classified as safe (green color, level 1) and normal (yellow color, level 2) at the baseline. In the 2030s, most areas except for the western and southern coasts are expected to change from normal to safe. In the 2050s, most of the southern inland areas were graded as safe, whereas the majority of the remaining areas were normal, suggesting a potential decreasing trend compared to the current level. The uncertainty of climate change scenarios and increasing variations in annual precipitation could be the main reasons for the reduction of hazard levels in the future.
To understand this trend, we compared annual precipitation deviation data in the 2030s and 2050s for the 42 industrial parks based on the five-day cumulative maximum rainfall in the hazard index. The cumulative maximum rainfall on the 5th day decreased on average in the future, but in the 2030s in the RCP 4.5 scenario, the average regional standard deviations of the 42 industrial complexes is 58.2, with the highest value of 125.1. Therefore, the difference was very large. For the same RCP 4.5 scenario in the 2050s, the average regional standard deviation was 95.9, with the highest value of 404.4 and minimum value of 0. The maximum five-day cumulative rainfall of the baseline was found to be the highest at 235 mm among the 42 industrial parks. However, in the RCP 4.5 scenario, the maximum value of 532 mm in the 2030s, and 1518.3 mm in the 2050s, gradually increased. Thus, the difference in annual precipitation increased greatly in one region but the average precipitation decreased. develop heavy chemical industry sectors, such as steel, petrochemicals, and non-ferrous metals, in industrial parks [60] . At that time, industrial parks were mainly located in metropolitan areas in the central and southern coasts of South Korea to ensure accessibility for the transportation of raw materials for importation and exportation. Therefore, most industrial parks built during the early industrialization phase were rated with vulnerability grade 5 (dangerous) (see first image in Figure 4 ). Hazard grades were highest in the southern coast, where vulnerability is currently high, but is being graded lower over time (Figures 4-6) . As a result, the risk is classified as safe (green color, level 1) and normal (yellow color, level 2) at the baseline. In the 2030s, most areas except for the western and southern coasts are expected to change from normal to safe. In the 2050s, most of the southern inland areas were graded as safe, whereas the majority of the remaining areas were normal, suggesting a potential decreasing trend compared to the current level. The uncertainty of climate change scenarios and increasing variations in annual precipitation could be the main reasons for the reduction of hazard levels in the future.
To understand this trend, we compared annual precipitation deviation data in the 2030s and 2050s for the 42 industrial parks based on the five-day cumulative maximum rainfall in the hazard index. The cumulative maximum rainfall on the 5th day decreased on average in the future, but in the 2030s in the RCP 4.5 scenario, the average regional standard deviations of the 42 industrial complexes is 58.2, with the highest value of 125.1. Therefore, the difference was very large. For the same RCP 4.5 scenario in the 2050s, the average regional standard deviation was 95.9, with the highest value of 404.4 and minimum value of 0. The maximum five-day cumulative rainfall of the baseline was found to be the highest at 235 mm among the 42 industrial parks. However, in the RCP 4.5 scenario, the maximum value of 532 mm in the 2030s, and 1518.3 mm in the 2050s, gradually increased. Thus, the difference in annual precipitation increased greatly in one region but the average precipitation decreased. 
What Risk Items of Companies Should the Government Support to Reduce the Country's Overall Flood Risk
The final FRAC level, which includes the Risk Location , Risk Company , and Risk Flood levels, can be used to support the government's decision-making. The three risk items in Table 3 , derived from Risk Company , can be used to determine the types of support that should be provided to each company. Depending on the risk category or the average risk rating of the risk category, the companies that need federal support may be different.
Based on in-depth interviews with company stakeholders about the possible risks for companies, there are three risks caused by floods that have a great influence on the production activities of parks. Risk 1 is the flooding and destruction of production facilities; Risk 2 is the damage caused by increased humidity that degrades raw materials and final products; and Risk 3 is the interruption of power supply due to power station and substation damage, which leads to production system paralysis. Therefore, the government should support these risk items.
However, in the case of insufficient funds, risk items must be prioritized. After further comparison of the three chosen risk items, the one with the highest level should receive support. Risk 2 presented the highest average level among the four companies, whereas Risk 1 presented the highest FRAC level for TP. The average level of Risk 1 for the four companies was 1.50, Risk 2 was 1.75, and Risk 3 was 1.50 (Table 7 ). In the case of Risk 1, TP was evaluated as having a risky level (level 3); however, the average rating of the four companies was 1.5. If the government decides to prioritize risk item funding to reduce the overall flood risk for all companies, it should focus on Risk 2. However, if the aim is to reduce the greatest risk of flooding among all companies, Risk 1 should be prioritized for funding. In the table below (Table 7) To analyze the evaluation results of the three possible risk items of TP (the highest risk company), we investigated cases of the company's flood damage, its production process, and flood prevention measures. TP is a coal-fired power plant that produces electricity. It has a steam power plant using bituminous coal and a combined cycle power plant using liquefied natural gas as raw material. The power plant is located on the coast because it requires a large amount of cooling water. On 15 August 2012, several sections of the power plant were flooded and damaged due to local heavy rainfall. The rainfall per hour was 68 mm for 3 h, and the cumulative rainfall was 218 mm. The heavy rains and high tide overlapped, and the flood damage occurred largely because the rainwater was not able to flow to the sea. As a result, the cutoff area of the power plant collapsed and the 345 kV underground power plant of the combined power plant was submerged. Several facilities in the power plants were flooded, including the sump pit, cable room, and 345 kV tunnel. Most of these facilities flooded because they were located in the basement. After TP was damaged, three sump pumps were purchased to prevent flooding, resulting in recovery costs of approximately 43,802 USD. The average level of Risk Flood in TP was 2.00, and Risk Company 's Risk 1 was assessed as level 3, Risk 2 as 2, and Risk 3 as level 1. In other words, the Risk 1 item of flooding and collapse of production facilities was found to be the most dangerous. The risk level of Risk 1 for TP is a risky level that does not change in the present and future. Based on the results of the FRAC, enterprises need to invest in facilities to prepare for flooding and the destruction of production facilities due to floods. By improving the ability of the company to deal with floods, such as buying new drain pumps after flood damage, the level of Risk 1 is expected to decrease, and this adaptive measure will reduce the probability of Risk 1. In addition, a decrease in the hazard grade from the FRAC model and the company's flood risk adaptation plan will result in lower risk levels in the future. 40) In order to analyze the evaluation results of the three possible risk items of EC, we investigated cases of flood damage, data related to the characteristics of the company, and measures by the company to reduce flood damage. EC produces camera modules and package substrates, which are parts of electronic devices. For both product lines, the manufacturing process should maintain a temperature of 22 ± 2 • C and humidity of 50 ± 5%. In order to maintain the proper temperature and humidity, EC manufactures products in a Clean Room equipped with advanced temperature, humidity, and particle control functions. It is a space necessary for precise work with products such as semiconductors, because these are shielded from pollution and the external environment [61] . However, if rain is constantly falling, the number of equipment and operating rate can be changed to adjust the humidity of the Clean room. In addition, since EC uses ultrapure water for product manufacturing, defective products are possible when the water treatment process is defective. For this reason, EC is located in an industrial park near the Nakdong River where many electronic component manufacturers are located. However, because of the existence of well-maintained drainage facilities, the enterprises in this industrial complex are less likely experience flooding and are more likely to avoid damage to their production facilities. In the past, neighborhood businesses and roads were flooded for approximately 5 h because of a hurricane in September 2012. However, EC did not directly suffer from flood damage considering the overall climatic damage. This company was graded as low risk for Risk 1, as it was not severely damaged by flooding. Risk 2 and Risk 3 items were evaluated at the normal or safe levels in present and the future. However, not all of the production of EC is safe because of the sensitivity to humidity and high consumption of electricity. EC's electricity consumption is over 70% higher than that of other companies; therefore, production can cease if flooding were to interrupt its power supply. The company has experienced a change in electric power supply due to actual typhoons, floods, and lightning, and some production lines have been shut down three to four times a year. However, because there is reserve power in EC, a power outage does not have a significant impact on the production process itself, resulting in only a partial interruption. Therefore, since EC is at a normal or safe level, it is not a priority to establish adaptation measures.
EPSM produces expanded polystyrene (EPS) foam and expanded polypropylene. We analyzed the production process and gathered cases of flood damage to product manufacturing and interpreted the results of Risk Flood . The production process of this company involves pasteurization, maturation, and plastic processing steps. pasteurization is a process that softens raw materials using water, air, and steam, and then expands them for processing. Maturation is a process in which raw materials are aged to penetrate various chemicals in the air when internal gas is released to into the environment as the pressure inside the material decreases while passing through the pasteurization process. In the plastic process step, raw materials go through pasteurization and maturation, then aged and dried again, and then put into a product-shaped frame and steamed to produce final product. EPS, in particular, is sensitive to temperature and humidity changes because high temperature and proper humidity must be maintained during the manufacturing process. During the pasteurization step, high temperatures must be maintained, while constant humidity (30-50%) at room temperature is required during maturation. Thus, when floods caused by heavy rainfall occur, the humidity may increase and temperature may decrease. To reduce the unintentional manufacturing of defective products, it is necessary to maintain a certain temperature and humidity. The Risk Flood level of Risk 1 was at the safe level, and the Risk 2 and Risk 3 levels were at the normal level, because there was no evidence of flood damage to the enterprise because of good drainage in the area where EPSM is located. There are no cases yet of flood damage, and flood risk mitigation measures are not necessary at the normal level. However, it is necessary to pay careful attention because the products are manufactured through processes that are sensitive to temperature and humidity.
In order to analyze the evaluation results of the three possible risk items of PP, we examined cases of flooding, data on the characteristics of the enterprise, and adaptation measures by the company to minimize flood damage. A pulp-making process from wood pulp raw materials and a paper sheet-making process are performed at the PP plant. PP uses domestic pine and some imported wood chips to make pulp and paper that is stored outdoors. Wood chips are transferred to a digester to separate lignin and cellulose, and then washed and bleached, which consumes a large amount of water. During this time, the temperature of the water is between 80 and 90 • C and 65,000 tons of water per day are consumed. Paper fibers are bleached, compressed, dehydrated, and then coated and cut to produce paper. In order to make pulp and paper, most of the raw materials are made from domestic pine wood as thinning enables the production of many woods domestically. In addition, the use of domestic pine can reduce the risks associated with importing raw materials affected by natural disasters such as floods. However, owing to the lack of raw materials, PP has to import wood chips. Raw materials are imported once every two to three weeks to prevent the possibility of a suspension in supply due to heavy rains and strong winds. If the weather deteriorates, the materials will be shipped again in a few days. The raw materials are supplied in large quantities domestically and internationally once or twice a week. The company stores the raw wood chips and paper and pulp products outside in a field without proper protective measures. Therefore, flooding can reduce the quality of raw materials and final products. Although PP has its own measures for preventing flood damage, it has no clear adaptation plan, and the raw materials and products are very sensitive to moisture. However, because of the high level of awareness and lack of damage from large floods, Risk 1 and Risk 3 were evaluated at safe levels. Some of the current and future Risk 2 items were rated at the normal level because the products and raw materials are sensitive to humidity. Also, because the company stores and produces large quantities of raw materials, there is likely to be some impact from floods. In the case of Risk 2 items, the damage will not increase greatly because the likelihood of hazard occurrence is lower in the future and the degree of vulnerability is low. Therefore, it was determined that the company does not need to adopt measures against flood damage.
Use of Evaluation Results in Government Decision-Making
South Korea seeks to reduce the damage caused by floods in the industrial sector as a way for the government to support companies using top-down and bottom-up approaches for national economic development. In line with this objective, this project was carried out with financial support from the central government. This study was evaluated using indicators based on the age and flood vulnerability of industrial complexes, and the results can be used as a basis to identify future renovation projects. The evaluation method presented in this study can provide guidelines for selecting companies that need support.
First, this study can be a reference for decision-making in allocating taxes and infrastructure building in high-risk industrial parks in the country. The number of industrial complexes has been increasing since the 1960s [62, 63] . Among the 42 national industrial parks, 28 are considered outdated. Consequently, the physical environment is poor and production volume is reduced because of remodeling rather than the construction of new industrial complexes; policies to meet the demand of new industries are emerging with respect to renovating old industrial complexes [64, 65] . However, not all old industrial parks are vulnerable to flooding. This study showed that some older industrial parks were less prone to hazards and the risk of flooding was low. Some industrial parks are expected to have a lower risk rating owing to the possibility of hazards based on future climate change scenarios. The results of this study can be used for government decision-making on which industrial parks to prioritize for the purpose of reducing flood damage. To increase the productivity of enterprises and industrial complexes, provisions concerning the designation of revitalizing business districts are included in this law [66] . In 2016, a council for business revitalization was established in Ansan City in Gyeonggi Province, Boseong County in Jeollanam Province, and Gumi City in Gyeongsangbuk Province. Thus, planning for the regeneration of industrial complexes is underway.
Second, the evaluation model suggested in this study can be used for decision-making when the government establishes tax benefits and policies to improve the flood adaptability of SMEs with high flood risks. Based on estimates, the precipitation patterns and some risks are going to shift in the future because of climate change. The FRAC levels of EC and PP will change in the future. Of the four evaluated companies, TP is at a dangerous level (level 3) with respect to both current and future FRAC ratings of Risk 1. Risks 2 and 3 were evaluated as normal and safe, respectively. EC has been assessed as level 1 for both Risk 1 and FRAC values in the present and future (2030s, 2050s), but the FRAC values for Risks 2 and 3 are normal at present and in the 2030s (RCP 8.5), and safe in the 2030s (RCP 4.5) and 2050s (RCP 4.5 and 8.5). No dangerous levels are indicated; therefore, it is not an investment priority to prevent damages caused by floods. However, if the variability in precipitation patterns becomes more severe owing to climate change, companies might face increasing damages; therefore, it is necessary to regularly check and invest in facilities over the long-term. Because this method reflects the companies' and workers' opinions based on numerical values from a detailed evaluation, it can be used to offer reliable support for decision-making. The results show that the government could decide to give some support to stabilize the national economy and reduce flood damage. Among the risks, three were selected based on the results of the risk assessment and discussions with employees with sufficient working experience; however, the average risk levels of each company varied. Risk 1 was evaluated as a risky level (level 3) but the average rating was the highest for Risk 2. Therefore, the government might prioritize investment objectives to reduce the risk of one company or that of several companies.
Conclusions
We proposed the FRAC model to be used for decision-making by the national government and governments in various countries to support national industries. The FRAC model is a flood risk assessment method that can reflect the status of a company. Based on the concepts of hazard and vulnerability, Risk Location was assessed for 42 industrial parks by considering environmental conditions, meteorological phenomena, and infrastructure. For the assessment of Risk Company , we used the concepts of probability and consequence and presented the evaluation results using three levels for each of the three risk items. The FRAC level was then evaluated by plotting it on a 3-by-3 risk matrix.
However, since the industrialization period the level of growth of firms and industrial complexes differ on an international scale; hence, the FRAC model proposed in this study aims to compare companies and industrial complexes within one country rather than among multiple countries. In addition, since precipitation patterns, precipitation levels, urbanization rates, and industrialization periods vary greatly among countries, evaluation indicator data should be developed for each country and evaluated on a local scale. Therefore, rather than presenting absolute evaluation criteria that can be applied to the same standards in various countries worldwide, the decision-making tool presented herein can be used to determine the government and industrial complex support to reduce damage caused by industrial flooding within a country. The Republic of Korea has a total area of approximately 100,188.1 km 2 , about 2/3 of the total area of Japan (377,915 km 2 ). Given that Korea represents an area approximately 1/98th the total area of the United States (9,826,675 km 2 ), countries with large variations in area or climate can apply this method by adjusting the scale of the evaluation. This further underlines the difficulty in comparing flood risks among countries.
We evaluated four Korean companies using the FRAC model. According to predicted climate change, the increase and decrease of precipitation in the 2030s and 2050s were large. However, owing to the large interannual deviation in precipitation, we found that risks need to consider these factors. In addition, since the results were derived from the opinions of company personnel, and are relatively reliable and consistent with past cases, it is necessary to consider them in the context of differences between each company, such as production process, plant size, location, and working environment. It should be reiterated that one interview did not provide extensive data; three in-depth interviews were needed to select indicators, assess risks, and verify the results.
The results of this study are significant with respect to three areas. First, because of the use of the concepts of hazard and vulnerability to evaluate floods in a number of industrial parks, it is possible to identify which of the national industrial parks was at risk or vulnerable to flooding by considering climate change. This evaluation can be used as a decisive factor when remodeling industrial parks based on the indicators after quantitatively evaluating industrial parks that are vulnerable to flooding in future regeneration projects. Second, the three risk categories derived from this study are important risk items regardless of the type of industry; other industries can focus on these items and manage risks. The results are useful in deciding what items the government should invest in first. Third, the government can decide which company to invest in according to a standardized priority basis for the stabilization of the national economy. The results of this study, which is based on the FRAC model, can be used as criteria for this prioritization.
However, the evaluation method proposed in this study is subject to limitations. First, this FRAC model can only evaluate companies located in industrial parks within this study's spatial scope. Since there are many companies located outside these areas, evaluation methods considering these types of companies should be proposed in the future. Second, the average values for the 2030s and 2050s were used to derive the hazard values but deviations in precipitation are increasing, which mean that the maximum and minimum values also have to be considered. Third, the data used to evaluate the FRAC model in this study are variable, which can be both disadvantageous and advantageous. The disadvantage is that it is difficult to present the absolute threshold of the indicators by country. Conversely, the advantage is that the risk assessment is very flexible. If conditions such as government and enterprise climate change adaptation policies and infrastructure renewal change, then the effects driven by such changes on conditions can be confirmed. Moreover, the value of the infrastructure of the industrial complex in which a company is located can change as a result of renovations and repairs, and the hazard (i.e., climate) changes continuously owing to increases in greenhouse gas emissions. In addition, the evaluation results are not always the same because of changes in corporate adaptation policies, upgrading of existing industrial complexes, and creation of new industrial complexes. If the value of an indicator changes because of various factors such as the construction of a new industrial complex or new construction in an industrial complex, remodeling, etc., then the value of Risk Company can be determined after evaluation of Risk Location by reflecting this value in the evaluation database. It should be noted that the accuracy of the evaluation results can be improved as the number of industrial complexes to be evaluated increases owing to the characteristics of the relative evaluation method. Therefore, in this study, all national industrial complexes in South Korea were evaluated. The Republic of Korea develops 5-, 10-, and 20-year long-term plans each time it establishes government policies. This is because new governments focus on different administrative components, and the current economy and environment are constantly changing as new policies are implemented. Therefore, this study can be used to provide feedback on changes once the government provides support to the industrial complexes and enterprises that must prepare for flood risks.
The hazards and vulnerabilities used in the FRAC model are based on the relative standardization and combination of individual indicators. Some of the hazard indicators are based on real flood damage cases that are applicable nationwide. However, other indicators have a relatively high vulnerability, and even if they are standardized for all national industrial complexes in the Republic of Korea, the possibility of indirect flood damage remains. Therefore, further research is required to determine the threshold value of each evaluation indicator. Floods occur frequently worldwide and are the most damaging of natural disasters; thus, the government's decision-making system should adapt to the overall climate change risks of industries, including SMEs.
